








More than Designing an Ethogram; The Implications of Choosing a Methodology in Primatology
Maria Botero 

All methodologies used to characterize mother-infant interaction in non-human primates includes mother, infant, and other social factors. The chief difference is their understanding of how this interaction takes place; that is, each methodology selects certain elements of this interaction as relevant. Within each methodological design, researchers explicitly or implicitly answer several questions. First, they describe the interaction among these units; that is, they answer questions such as what kind of interaction takes place among the participants of an interaction and second how it is possible to describe such interaction. As a result, each methodology focuses on different presuppositions leading to specific questions and leaving others aside. Some researchers use a model that leads them to answer a specific set of questions; researchers using other models cannot answer these particular questions or are unable to offer a description textured enough to include all details of the interaction being observed. 





In the first studies I examine in this paper, researchers choose mother, infant, and the surrounding social and physical environmental elements as the basic units of analysis. I call this approach Ecological-Linear approach; researchers who adopt this approach limit themselves to observable behaviors (e.g. contact, proximity) that take place between these basic units. They also place special emphasis on who initiates the behavior and who receives it; thus, they characterize the interaction between these units as a communicative one. They presuppose that communication is the exchange of behaviors between the different units of analysis. In a communicative exchange, one unit is the sender, and the other is the receiver of the behavior. Such methodologies also presuppose that when the sender provides this information, the information causally affects the receiver. In other words, this set of studies presupposes a model of communication that flows in a linear way from a sender to a receiver which causally affects the receiver. Linearity means that any change in the communication process follows incremental variations. 
For example, Cheney and Seyfarth (1992) argue that calls in vervet monkeys have a similar acoustic structure​[1]​.  Monkeys select a specific kind of call depending on the predator that will elicit a specific escape behavior response. Alternatively, if the call has already been made by another monkey, they may not select the call at all. A receiver decodes the call and depending on the sender (i.e. another adult or an infant), will act accordingly. In this approach to communication, the observer describes the behavior of a monkey using pre-set​[2]​ units of information (i.e. pre-defined calls with a specific acoustic structure). She describes one monkey as acting as a sender, choosing a unit and sending it (or not sending it). She also describes how these units are decoded by a receiver (s) who acts accordingly.   

1.1.	Most Frequent Methodology Used in Mother-Infant Studies
Within this group of methodologies, the mother-infant interaction can be described as the frequency with which units of information are exchanged by senders and receivers. I will  use as an example one of the most influential methodologies available to study mother and infant interaction, namely that designed by Jeanne Altmann (1974). Although she does not use calls as the units of behaviors she uses behaviors that are transmitted from a sender to a receiver to describe how animals interact. In other words, in Altmann’s approach, to describe the interaction between individuals it is necessary to describe how they exchange behaviors. These behaviors communicate specific information and it is necessary to distinguish who initiates and who receives. Description is limited to the observation of how behavior is exchanged: “Most such behavior [social behavior] is directed (‘addressed’); I shall distinguish between the actor or sender, and the object or receiver of each social act” (Altmann,1974 p.243). This methodology presupposes that two animals interact in a communicative way: one is the sender, and the other is the receiver; a subject can only perform one role (i.e. actor or receiver) at a time in an interaction. In this communicative process, discrete units of behavior (e.g. call, gestures etc.) are exchanged and are summarized in the ethogram designed by the researcher. These units convey the same information in every context, whether they are found in play or aggression. What changes are the frequencies with which these units are exchanged in different contexts. Summarizing the interaction between two or more individuals as the sum of these frequencies presupposes that the changes that take place in this communicative exchange can only change in an incremental way.  
Jeanne Altmann (1980) uses the methodological approach described in her 1974 paper to study the interaction between mother and infant yellow baboons (Papio cynocephalus). She includes ecological (e.g. seasonality) and social elements (e.g. active and passive interactions between members) that may influence the mother-infant interaction. Altmann considers that primates are mothers and infants at different stages in their lives and that in these stages, individuals are susceptible to change, depending on social and physical environmental conditions. For this reason, she collects ecological (e.g. dry season), demographic (e.g. age, parity), and behavioral data that include what she calls sociological observations (i.e. dominance rank). Her observations allow her to describe the influence of these external factors on survival and their behavioral consequences on the mother and infant life histories. Thus, it seems that she is using a more complex notion of communication in this later study. 
However, it becomes evident that she retains a linear model of communication to describe the interaction between elements. She records the social behaviors taking place between mother and infant by dividing the behavior into discrete units of behavior (see Altmann 1980, Appendix 4). Social interactions with other members of the community are measured in a similar way. The effects of members of the community on mother-infant interaction are measured in terms of spatial patterning, and this spatial patterning is related to the dynamics of the relationship between individuals: the tendency to approach each other and their social grooming and agonistic relationships. All measurements specify who initiates and who receives these behaviors (i.e. actor and object).
 Altmann’s approach to the study of mother and infant characterizes the mother, infant, and remaining group members as individuals who participate in a communicative interaction by initiating and receiving different interactive approaches and grooming in a social and physical environment. This methodological design presupposes that subjects are individuals who communicate to each other in a linear model of communication. Each individual adopts the role of sender/actor or receiver in every interaction. The significant message transmitted between individuals can be described in units (e.g. proximity, grooming etc.), and the sum of individual behaviors (i.e. transmission of these meaningful behaviors) describes mother-infant interaction. This methodology has been applied to different studies in primates where the common characteristic is that, because these units of behavior exchanged do not change in different contexts, they reduce the mother-infant interaction to the rates of exchanged behaviors. For example one way in which it has been done is by describing the mother-infant interaction as variations in the dimension of protectiveness (i.e. variation in the degree to which the mother restrains infant exploration, initiates proximity and contact, and provides nurturing behaviors such as grooming) and rejection (i.e. degree to which the mother limits the timing and duration of suckling, carrying, and contact). When combined, these dimensions create different parenting styles: laissez-faire (low in both protectiveness and rejection, restraining the infant less, discontinuing restraint at a younger age, rarely following the infant, making less contact with the infant, and increasing distance between them more often). This parenting style is correlated to specific behaviors in the infant such as low exploratory levels. 
The advantages of adopting this linear model of communication are that first, using parenting styles allows researchers to make predictions of specific mother-infant interaction exchanges. Because the units of behaviors or information are known, whenever it is observed that the sender sends this information in a specific context, it is possible to predict the receiver’s behavior. For example, if the mother is low-ranking and protective (i.e. higher rate of restriction and initiation of contact), it is possible to predict that the infant will have a low exploratory behavior. Second, treating interaction as an exchange of fixed informational units allows, in Altmann’s words (1974), an unbiased description of the behaviors of individuals. It guarantees that the resulting data are not a record of only extraordinary events that the observer may choose based on what he/she considers important. Rather, they become a statistically significant description of the everyday behaviors of the mother and infant. In other words, if an observer records these pre-set units she has to record all of the instances when this unit of behavior took place. Meanwhile if an observer records what she finds interesting and neglects what she doesn’t, she will be following a non-systematic and subjective criteria to select which behaviors to record. 
Because of these two characteristics, other models have adopted the ecological measurements that presuppose Altmann’s linear model of communication. These parenting styles are used to describe the mother-infant interaction in monkeys and apes in the field and the laboratory​[3]​. 

1.2 Notion of communication
This model seems to follow a Mathematical approach to information. In 1948 Claude Shannon's discovered a new way of guaranteeing that the trans​mis​s​ion of electric and electronic signals was not lost. Shannon devised a method of converting a signal into strings of binary digits so that a list​en​er can understand what a speaker is saying even if certain sounds are lost during the trans​mission. Shannon suggested that this trans​mission process can be treated as a matter of “en​cod​ing” the “information” that is con​tained in the “message” that is being sent. In this context “information” is something which can be brok​en down into consti​tuent elements and quantified. This presupposition of information can also be found in Saussure's Course of General Linguistics. In Sauss​ure's famous “speech-circuit” diagram the two speakers using a language are “encoding” and “decoding” the information they wish to convey. That is, linguistic interaction can be described as a code. 
I will focus on two aspects of this approach. First, how in this model of communication, information cannot be confused with meaning; according to Shannon and Weaver, “the semantic aspects of communication are irrelevant to the engineering aspects” (1978, p.8). This does not mean that meaning is irrelevant. The approach rather than emphasizing what is said, emphasizes what the sender could have said: “Information is a measure of one’s freedom of choice when one selects a message.” (Shannon and Weaver 1978, p.9). For that reason, the emphasis in this approach to communication is on the logarithm of the number of available choices in a communicative process and how this choice is coded and sent to a receiver who decodes it. Going back to the Cheney and Seyfarth example, how the monkey selects from a repertoire of specific acoustic signals the alarm call for eagle instead of the alarm call for leopard.
According  to Andrew Ellis and Geoffrey Beattie (1986), when this model of communication is adopted, the criterion of when communication takes place it is:: “when one organism (the transmitter) encodes information into a signal which passes to another organism (the receiver) which decodes the signal and is capable of responding appropriately” (Ellis and Beattie 1986, p.3). That is, if all relevant elements (i.e. sender, receiver, encoded units of information) can be identified, communication takes place. Within this linear model of communication, the roles of sender and receiver are fixed and can only be exchanged once the message has been delivered. The information transmitted can be divided and analyzed in units.
This approach of communication has also adopted Paul Grice’s idea of reflexive intention where the speaker’s intention is prior to communication and it is directed to the listeners. According to Grice, the speaker attempts to produce an effect on the listeners partly by making them recognize his intention to produce this communication. This characteristic can be found in the Cheney and Seyfarth reports of audience effects such as one the group disregards a call if it is emitted by an infant or when a member of the group fails to emit the signal when another member has already given the call. 

2.	Limitations of this model
When this model of communication is used to design a methodology to capture the mother-infant interaction, this interaction has to be reduced to these preset elements. It misses much of the complexity present in the mother-infant interaction. It does not consider how the meaning of the units of behavior exchanged may vary depending on how this interaction takes place. That is, how the meaning of each behavior may change depending on the past history of the participants and how the partners respond to each other’s behaviors.
Why is this a problem? Recent studies suggest that communication is sensitive to the different practices of different communities within the same species. One of the most important example is found in Whiten and colleagues’ (1999) description of cultural practices in chimpanzee communities. This paper shows how the behavioral signal used to request grooming in chimpanzees from the Mahale and Kasakela communities, two communities that are not far apart, varies from hand-clasp to branch-clasp; there are no ecological explanations of this. 
Nor it is possible to find a general communication pattern within the same community in chimpanzees. Communicative practices in a community may differ, depending on the context, who is present, and the specific behavior being performed. For example, Katie Slocombe (2005) shows that chimpanzee vocalizations change depending on the information they have on the specific social relationships of victims with the aggressor and the severity of an attack. The call of the victim who is attacked may change if there is an equal or higher hierarchy subject than the aggressor in the audience. There is evidence that these variations within a community may be produced because of individual variation among the members of a community. Tomasello (for a review, see Tomasello et al., 1994) and Goodall (1986) describe individual variation in gestures in chimpanzees. 
All of the above examples show how there are differences in cultures, groups, and individuals. A linear account of these variations will be able to provide a description of ways in which these individuals, communities, groups are different in terms of rates. However, one question remains, how do these variations in the community and the individuals come into existence in the first place? For this we need to adopt a different notion of communication, one that extends the meaning of the signal to the social practice where this interaction takes place. 

3. A DST Approach
The second approach to communication used here is based on Dynamic Systems Theory (DST) (Fogel 1993; Kelso 1995; Messinger et al. 1997; Oyama 1985; Thelen and Smith 1994), in which the focus is on understanding the pattern that elements create when forming a system. In this understanding, a system cannot be reduced to its individual elements; because of the interaction of elements, new properties emerge which define and constrict future interactions. 
If we accept the DST model, then, it is not enough to describe the frequency of these units of information in different contexts (e.g. rates of proximity, grooming etc.). It is necessary to include how the units change themselves and are produced by the communicative interaction. A description of an interaction using a DST approach provides an account of how the system changes through time; that is how each member of the interaction changes its response or is constricted by its partner’s response. The DST model attempts to describe how this back and forth interaction forms a self-created pattern. 
DST focuses on how meaning is co-constructed. In this approach, meaning is not pre-determined by the observer. That is, the observer does not attribute meaning to a unit of information, such as a call that, regardless of the context, will always have the same acoustic structure and convey the same meaning. Rather, from a DST perspective, meaning is co-constructed based on the behavior of the partners involved. In other words, meaning is not found in one of the elements (i.e. units of information such as calls or specific behaviors) but emerges from the interaction between two or more individuals. 
For example, Kuroda (1984) examines rocking as a way for bonobos to communicate and observes the following:
One male approached the male rocking who in turn groomed him instead of mounting or rump-rump contact. Moreover, a male once approached a crouching male with bipedal walking, and then groomed him…. All rocking animals were dominant over the receivers but the receiver approached showing the rear side of his body without crouched presenting…. It is possible that the slightness of the rocking and the situation gave meaning to the gesture. (Kuroda, 1984 p.131)
Rocking is subdivided into four sub-types depending on the degree of rocking and arm raising. These types can be used in different ways depending on the kind of interaction taking place. According to Kuroda, rocking can assume two possible shapes in the context of requesting grooming: rocking a few times with or without arm-raising (A2); and rocking backward, leaning with one arm raising (A3). However, A2 and A3 are also used in courtship, female solicitation of copulation, sexual behavior involving immatures, demands for submissive presenting, invitations for erotic play, and the solicitation of genital rubbing. Given their choices, how do males know they are supposed to groom instead of submissively present or engage in erotic play? 
A DST approach to communication offers a different set of tools to understand cases like this. It is an alternative way to view communication where the meaning of a behavior is the result of a series of interactions. In the Kuroda example, we do not have a pre-determined knowledge of the meaning of rocking. That is, before making the observation, we do not know if rocking will be a request for grooming, a request for erotic play, or a request for submissive behavior. If we use the view offered by DST, we observe how the interaction takes place and describe how the negotiation between two individuals results in an agreement such as grooming. In other words, rocking can mean many things, and its meaning ultimately depends on how it is used in a specific interaction.
It may be argued that the linear model of communication includes this kind of differentiation because it also incorporates how contexts alter communication. However, the role of context differs between approaches. In the linear approach, the context offers an audience or a predator as salient elements that elicit the choice of one signal over another and how the receiver acts upon decoding it. In the DST approach to communication, meaning is achieved through or emerges from the interaction; the context is the observation of how each of the participants adjusts her behavior to her partner’s and meaning results from this exchange. If we adopt a linear view, we cannot explain the different ways rocking is used by different members of the community. Further, the alternative meanings of rocking (i.e. grooming, presenting submissively) can result from the same context (i.e. peaceful non-aggressive interactions with an audience having similar age and sex characteristics). It is still necessary to determine what makes each interaction different. 
It may be argued that this may be just a matter of finding a salient element in the interaction, an element which explains why the males groom instead of presenting submissively. I am not denying the importance of a linear methodology. Continuing with this example, if the goal of a researcher is to be able to create a functional operationalized definition of rocking that allows her to describe and predict the outcome of a rocking behavior in terms of rates, then a linear method is ideal. This kind of research should focus on finding a salient element that allows her to predict behavior. However, what happens if such a salient element cannot be found? Moreover, even if this salient element can be found, there are other kinds of research questions that cannot be answered merely by creating more complex ethogram. I am arguing that the linear approach is not the only method available to describe communication. Nor is it the ideal method to solve every case; some challenges in observing behaviors cannot be solved simply by adding more elements to the analysis. It may also be argued that a linear method, although incomplete, is only tool available. A DST approach, which is a different way to view communication, allows us to describe such cases. 
A DST approach is useful when it is not possible to divide some situations into different elements and to attribute meaning to one element. For example, Goodwin (2002, 2003) examines what happens during pointing. It is possible to divide pointing into different elements, such as the finger pointing and the place towards which the pointing is directed, but is this enough to understand what the pointing gesture means? To understand pointing, one needs the specifics of the context where it takes place and how all elements in the context are interconnected. Examples of these elements are intonation, gesture, body posture and timing in a pragmatic environment, some verbal language that elaborates the act of pointing, the target’s spatial properties, the participants’ body orientation towards each other and towards a specific phenomena, the activity in which the pointing is embedded, the sequence of events in which the pointing took place, and how all of this occurs within the specific practices of a community. Because of the relevance of each element, if one asks where the meaning resides in pointing, it is not possible to say it is in the finger, or the space/object towards which the finger points. Neither it is possible to pinpoint who creates meaning because meaning emerges from the interaction. It is necessary to understand how all elements work together to understand the meaning of a pointing gesture. This is analogous to taking apart a sentence (examining individual words) in a bid to understand its meaning. There may be some instances - for example when one is learning a language - where understanding the meaning of a few words may suggest the meaning of the sentence. But in other cases, it is necessary to grasp the sentence as a whole and the pragmatics of how it is used to comprehend its full meaning. Similarly, in some cases, the meaning of a behavior does not reside in a specific unit but in the collection of the behavior as a whole.    
It may be argued that the DST approach cannot explain what occurs when someone intends to communicate something but is not understood or the partner does not respond. On the one hand, if we seek to describe an individual’s intention, then the DST approach is not a useful method. It cannot be used to understand if the baboon intended to be groomed before starting its greeting behavior. On the other hand, if we hope to describe how the individual’s gesture is ignored, then the DST approach is applicable. Even a “no” response, such as turning its back, averting its gaze, not finishing a greeting gesture, or any other kind of avoiding behavior, is part of the partner’s response, and thus helps us understand the meaning of the communicative interaction. Continuing with the rocking example, if one male starts rocking and the other turns his back, turning his back is a response and is part of the interaction. The two males do not achieve a shared meaning such as grooming but they achieve the shared meaning that under these circumstances, there will not be any grooming. Even though we cannot be sure of the intention of the individual who is rocking, we can describe how he engages in an interaction from which no grooming results. The same can be said of the greeting example: if a male does not let the other male pull his penis, we can understand how the negotiation process in a greeting resulted in the shared meaning that a coalition is probably not being formed. 
In other words, a DST approach to communication provides us a way to change our focus from pre-set behaviors towards how behavior unfolds between two individuals. It offers us the tools to understand how meaning is created when two or more participants interact. 

2.2. Application to the Mother-Infant methodology
Within a DST approach, the researcher is able to describe how the organization of mother-infant interaction evolves from (possibly random) initial conditions to take on a specific form. This form is shaped by how the interaction among mother and infant gravitates more and more towards specific kinds of interactions or attractors. Subsequently, no matter where the system starts it will usually converge at this point. Once the pattern starts to emerge, order parameters limit the degrees of freedom with which elements can interact. This order is created by the coordination of the parts and influences the behavior of the parts; it is the product of circular causality. In other words, the order and relation of the elements involved the mother-infant interaction constrict future changes in the system.
The description of the mother-infant as a pattern allows researchers to take the linear methodology a step further, describing not only how a specific mother’s initiations and infant’s responses have consequences for the infant’s behavior but also how the infant’s behavior results from the interaction among the mother and infant. For example, on a linear methodology a researcher assumes that if the mother (as a sender) initiates rate x of rejecting behaviors, this causes in the infant (receiver) rate y of anxious behaviors. From a DST perspective a researcher would be able to describe how this mother-infant interaction is organized towards attractors of asymmetrical exchanges, where the infant is unresponsive towards his mother’s attempt to engage him in behaviors such as tickles or play; how this system of self-organizing constricts future interactions; how this kind of interaction makes the mother nervous and how she stops attempting to engage the infant in different behaviors, which in turn makes the infant more anxious and unable to engage in any kind of interaction. Thus, a linear methodology offers researchers a way of describing differences among mother-infant pairs in terms of rates, whereas a DST approach allows researchers to explore these differences in more textured descriptions, e.g., how in different contexts mothers and infant are able to reach (or not) coordinated behaviors.  
REFERENCES
Altmann, Jeanne. 1974. Observational study of behaviour: Sampling methods. Behaviour, 49: 227-267.
Altmann, Jeanne. 1980. Baboon mothers and infants. Cambridge London: Harvard University Press.
Cheney, Dorothy, and Seyfarth, Robert. 1990. How monkeys see the world. Chicago: The University of Chicago Press.
Ellis, A. W., and Beattie, Geoffrey. 1986. The psychology of language and communication. London: Weidenfeld and Nicolson.
Fogel, Allan. 1993. Developing through relationships; origins of communication, self, and culture. Chicago: The University of Chicago Press.
Goodwin, C. 2003. Pointing as a situated practice. In Where language, culture and cognition meet, ed. S. Kita, 217-41. NJ: Lawrence Erlbaum.
Goodwin, M., and Goodwin, C. (2000). Emotion within situated activity. In, Linguistic anthropology: A reader, ed. A. Duranti, 239-257. Oxford: Blackwell.
Grice, Paul. 1989. Studies in the way of words. Cambridge: Harvard University Press.
Kelso, J.A. Scott. 1995. Dynamic patterns. The self organization of brain and behavior. Cambridge: MIT Press.
Kuroda, Suehisa. 1984. Rocking gesture as communicative behavior in the wild pygmy chimpanzee in Wamba, Central Zaire. J. Ethol., 2: 127-137.
Messinger, D. S., Fogel, A., and Dickson, L. 1997. A dynamic systems approach to infant facial action. In  The psychology of facial expressions. eds J. A. Russell, and J. M. Fernandez-Dols, 205-226. Cambridge: Cambridge University Press.

Seyfarth, Robert, Cheney, Dorothy, and Marler, Peter. 1980. Monkey responses to three different alarm calls: Evidence of predator classification and semantic communication. Science, 210: 810-803.
Shannon, Claude and Weaver, Warren. 1949/1978. The mathematical theory of communication. Urbana: University of Illinois press.
Thelen, Esther and Smith, Linda. 1994. A dynamic systems approach to the development of cognition and action. Cambridge: The MIT Press.









^1	  The structure varies in female and male monkeys but does not alter the idea that a call is a unit of information which shares the same structure among individuals. 
^2	  When I describe this units as pre-set this does not entail they are not done defined through observation. I am just describing how a researcher, after hours of observation, divides her observations into categories or units and later uses these units to describe behaviors. In this way, by the time she observes the behavior she is interested in, these units that are already pre-set, ready to be used. 
^3	  Baboons (Altmann 1980), Japanese macaques (Bardi and Huffman, 2002; Schino et al., 1995), rhesus macaques (Maesterpieri, 1998; Maestripieri, 1993a, 1993b, 1999, 2001a, 2001b; Maestripieri and Carroll, 1998; Maestripieri et al., 2006), bonobos and chimpanzees (DeLathowres and Eslacker, 2004), chimpanzees (Bloomsmith et al., 2003), and in general reviews of vervets, rhesus monkeys, Japanese macaques, and baboons (Fairbanks, 1993, 1996; Fleming et al., 2002; Hinde, 1983a, 1983b, 1984; Maestripieri, 1999).
